4 v »• 



) 




TENT SPECIFICATION 

743,866 

Date of Application and filing Complete Specification May 11, 1953. 
No. 13150j53. 

Complete Specification Published Jan. 25, 1956. 



P7D(1A 2A1), P7F2, P8(A : D2B2: F2), P10A, P10D(1A:2A), 
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COMPLETE SPECIFICATION 

Improvements in or relating to Hollow Particles 

I James George Fife, M.Sc, Ph.D., 
F.R.I.C., Consulting Chemist ^and Chartered 
Patent Agent, of Bank Chambers, 329, High 
Holborn, London, W.C.I, a British Subject, do 

6 hereby declare the invention, for which I pray 
that a patent may be granted to me, and the 
method by which it is to be performed, (as 
communicated to me by The Standard Oil 
Company, a corporation organised under toe 
10 lawsTthe State of Ohio, United States of 
America, of Midland Building, Cleveland, 
Ohio, United States of America), to be par- 
ticularly described in and by the following 
statement: — 

16 The present invention relates to a process 
of forrnmg hollow particles from film-forming 

■ - material, and to the particles which are pro- 
duced by this process. , . . . 
Hollow particles formed of plastic material 

20 have heretofore been prepared for a variety 
of uses. However, it has been found quite 
difficult to prepare hollow particles which are 
completely free from holes. In consequence, 
such particles, when placed on the surface of 

26 a liquid of low viscosity and surface tension, 
quickly nil with liquid and sink to the bottom. 

In accordance with the invention, a solution 
comprising a volatile solvent having dissolved 
therein film-forming material and a latent gas 

30 is subdivided into droplets and the droplets 
are then subjected to a drying temperature 
at which the solvent is volatilized and a hole- 
free tough surface skin is formed on the par- 
ticles, and at which the latent gas is converted 

85 into a gas. In this way gas is liberated within 
the particle coincident with its formation and 
is trapped beneath the surface skin of the par- 
ticle, and either forms a hollow space there- 
within or finds its way into a hollow space other- 

40 wise formed therein, and through its presence 
there tends to prevent collapse of the particle 
walls under pressure of the atmosphere. 

The term "latent gas material 55 is used here- 
in to refer to any material, whether solid, liquid 

46 or gaseous, which can be dissolved in the sol- 
vent employed to dissolve the plastic material 



and which can be converted into a gas, Le., 
which produces a gas or is rendered gaseous,, 
at an elevatetd temperature, preferably a tem- 
perature at which the synthetic plastic solution 60 
may be dried. The agent may itself be a gas, 
which prior to the conversion is in dissolved . 
form in the solvent, or it may be a liquid or • 
solid which volatilizes or reacts with another 
material or substance or decomposes to form 66 
a gas at such a temperature. 

For example, if water is employed as the 
solvent, dissolved gases which may be em- 
ployed include dissolved carbon dioxide, 
methyl chloride and ammonia, while if an or- 80 
ganic solvent is employed, dissolved gases such 
as methyl chloride, dimethyl ether, ethylene 
oxide, methyl amine, methyl bromide, and di- 
methyl amine may be used. 

There are a large number of liquid and 66 
solid substances which are decomposable at 
elevated temperatures or react with other 
materials or substances to produce gases, and 
are designated by the art as " blowing agents." 
These substances are widely used to produce 70 
cellular plastics and plastic foams. Any blow- 
ing agent may be employed in the process of 
the instant invention, provided it is soluble in 
the solution of film-forming material. 

Satisfactory blowing agents include inor-76 
ganic and organic salts selected from the group 
consisting of carbonates, nitrites, carbamates, 
oxalates, formates, benzoates, sulfites and bi- 
carbonates, such as sodium bicarbonate, sodium 
carbonate, ammonium carbonate, sodium 80 
nitrite, ammonium chloride, ammonium car- 
bamate, ammonium bicarbonate, sodium sul- 
fite, calcium oxalate, magnesium oxalate, sod- 
ium formate, ammonium benzoate, ammonium 
nitrite and mixtures forming the same, and or- 85 
ganic substances such as p-hydroxy phenyl- 
azide, di-N-nitrosopiperazines, polymethylene t 
nitroso-amines,such as di-N-nitrosopentamethy- 
lene tetramine (Unicel N.D.) and trimethylene- 
trinitrosamine and compounds containing two 90 
or more groups of the" formula CON (alkyl) 
NO, such as succin-bis (N-nitrosomethylamide); 
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diazoaminobenzene (die material known under particles during evaporation of droplets of 
die registered Trade Mark Porofor DB), solutions thereof in aqueous or Sc sd- 

taSKS 3 ^ a °i dintoiIe ? 0r0 ^ or N) > 300 vente ' Natural fflm-for q inin g ma er^Te £ 
S % diaeof prepared using cyclo- included within the scope of the form, inclua- 

> feT.f^ 01 254) W m£thyl ^* yl ketone ** s °y bean P Mtein > zein protein, alSL 70 

ManvlfXT k- "• ' " •„ and ceUulose ^i solution as cellulose x^thate 

JSrSL u lowing agents will react nr cuprammonium cellulose. Inorganic fim- 

5SJ ? *° "^^^y P?o- forming substances such as sodium silicate are 

ift I™ .Sases- Carbonates and sulfites, for also contemplated as within the scope of the 

. 10 example, such as sodium- carbonate and sodium above term. • 75 

• sulfite, react with acids such as hydrochloric or : The solvent employed will, of course be 

- • sulfuric to produce: carbon diqxide and sulfur dictated by the solubility of the film-formine 

. 4nade, respectively Ammonium salts react material used. The solvent : slSSdSS 

16 SilSf" $ ™ 33 W** 1° Uberate ^ration, be conducive to gelation ofS 

chZT'riH TH?^ by fi f d ?* *S hydro ^ 80 Aat a tough sKn is quickly formed 80 

chloric acid solution to a solution of a film- over the surface of the droplet. Water alcohols 
forming material in accordance with the in- ethers, esters, organic add, bydrSbom and - 

J^JT^ 8 ? ^ h T te or . suifite Urinated hydrocarbon? %5te2?nS? 
as the solution is entering the atomizer, carbon worthy satisfactory solvents 

S ZSSZJ!"*? k Ub f attd ^ 15 c- ^ c ^centratfon of the solution of film- 86 
present during spray-drying as the gas neces- forming material is not critical The lower 

^hS feXjrS" 0 h0U0W ■ » S° verned ^ £ S of thTpaSde . 

subZe cS lf gL° r , ^"d^g for the smallest partides are formed from 

26 materid^h e r?n^w y - ^-1, ^ ga f dflunB solutions - ^ e upper limit is set by the 

Sfoh .1 ISS? ^ 18 I f qUlred ^ visc08it y °f solutions of the material and by 90 

. upon the weight of the solution and upon the partide size. y 

EST*? gJug&JZ- J^ ht of de * abk *« droplets not be so 

latent gas, specific quantities and .ranges can- large that shrinkage is great in proportion to • 

<m +u f* 0 * to however, it may be the size of the duplet ShrinkafeTs 2o de 

rffi mTT m ^ "TV* fe0 , m O' 1 * ^ Panby dVe 22Sltorf tile" 95 

• u^uSy U ufficLt ty ° f ^ S ° JUti0n * S ° luti r ? . ha * b< * Q found £2 

The invention ii armlirkt V * may ^obtained with solutions which contain 

^ le u u is applicable to the forma- .as. much as 30% film-formine material anrf 

m&S^fc ^ ^ natUral or ^ optimum resuine obSbT S^ohJ 

86 synAeac fikn-formmg material which is soluble tions Staining from 1 % to 15% fiCform- 100 

- . don, or in an organic solvent, and which can given satisfactory results. Aqueous solution] 

^m^S^M— V ^T*,^^ y which cowain from 1% tolo% poS 

low to premit subdivision of the solution into aicohol fviscositv of a 4°/ ani,«W .«J,,An*T«! 

40 small droplets, and which is capable of gelling 20 ? C L 4 to 28 co bv i SAnL „« 

on .evaporation of a solution thereof to form ball melod) or from 1 £> 30T priSfv 

a relauvely tough gas-unpermeabie skin or 2% to 10%, j^^£Sdd&fe ?2T5 

tt. «/=i * • - vei 7 satirfactory. 

4n hJS • nuteril, r 5 s U f ed The. solution is prepared, subdivided into 

45 herein to refer to film-formmg synthetic plas- droplets, and dried: by conventional K 1 if» 

u a d ,fV hicluding cellulose Thi I use ? of spray drying eqSent inTS 

derivatives, such as cdlulose acetate, cellulose the droplets axe dried iE a current Mj!? 

acetate-butyrate, and cellulose acetate-propion, usually^? adroSS^s The • 

ate, . thermoplastic synthetic resins, SU ch as drying ^ temperature is adjS Sdine tn 

50 polyvmy resins, 1; e., polyvinyl alcohol (water- thembflity and softenS^Snt of iTfihn 1 1 s 

^•t^ 1 *^,** f ° rimn S matcrial > s^e g of P d^dro P kLSo: 

copolymers of vmyl eMpnde and ymyl acetate, duced and the volatility of XeTolvem em- 

polyvinyl butyral, polystyrene, polyvinylidene ployed. However, because of me cooliS effect '■ 

chloride, acrylic, resins such as polymethyl. of, evaporation, drying air of very high tem- 

66 mediacrylaoe polyaUyl, polyethylene, and poly-, peratures may be used without Sunr to tow 1^0 

■ - anU i e & yl ° a) and. thermosetting resins melting or easily decomposable Sals 

m the thermoplastic water- or organic.solvent- The 5 dry particles in' acco da?S S the 

soluble stage of partial polymerization, the invention that are produced "in conventional 

AO SfS!? ™™*-> b ". or during forma, spray drying equipment, employing 3K. 

00 tion of the pa.rtides into a. more or less fully of the concentrations indicated above, are verv 125 

' P.fr^l ^ent-insoluble stage, such as small. They are ordinarily sphS'uf tbS 

S3ft n J$$T*' . P^-^^u^yde, Frequently dieir diameter is abouf ten 2es 

urea-formaldehyde and . mejamine-formalde, the thickness of the plastic skin surrTuiE •• 

hyde resins. All of these resins are film-forming their hollow interior, but Sese^ Len^onfwiU 

66 and therefore capable of forming tough-skinned depend upon the drople size%Sce^d by *e 130 
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equipment used and the concentration of the 
fihn-forming material in the solution. 

The following examples Illustrate the in- 
ventioa Sufficient ammonium hydroxide was 
5 added to each solution to make it slighdy alka- 
line, in order to prevent decomposition of the 
latent gas. 

Examples 1 to 4 
Four aqueous solutions of a water-soluble 
10 partially polymerized phenol-formaldehyde 
resin, (the material known under the Regis- 
tered Trade Mark Durez 14798) were pre- 
pared. One of these solutions did not contain 
any latent gas, while the other contained, as 
16 latent gases, 1% ammonium carbonate, am- 

30 



35 



40 



45 



60 



55 

Examples 5 to 7 
Aqueous polyvinyl alcohol (PVO) solutions 
were prepared, two of which solutions con- 
tained ammonium carbonate and one of which 
60 contained ammonium nitrite. The solutions 

65 Feed stock: 

Plastic material - 
Wt. per cent. - 
Solvent ------ 

Wt. per cent. - 
70 Latent gas 

Wt. per cent. - 
Decomposition temp. ° C. 
Operating conditions: 

Air temp. ° F.: Inlet - - 
75 Outlet - 

Feed rate, cc/min. - 
Calcd. recovery, wt. % - - 



monium nitrite, and dinitrosopentamethyl- 
enetetramine, respectively. 

The solutions were spray dried under the 
conditions set forth in the table below and the 
hollow particles obtained were tested in order 20 
to determine the number of hole-free particles 
produced. In this test, hereinafter called the 
u flotation test," a weighed quantity of the 
spray-dried particles is floated in a bath of 
petroleum naphtha and the percentage of the 25 
original sample which sinks after 24 hours is 
determined. In order to pass this test, at least 
95% of the sample must float. 

The results were as follows: — 



were spray dried under the conditions set forth 
in the table, and the recovered particles were 
subjected to the Flotation Test, with the re- 
sults listed: — 



5 


6 


7 


PVA 


PVA 


PVA 


4.9 


5 


5 


H.O 


H„0 


H 2 0 


95" 


94 5 


94 


(NHJ 2 C0 3 


(NH 4 ) 2 C0 3 


NH 4 N0„ 


0.1 


0.5 


1.0 


58 


58 


80 


500 


600 


600 


230 


270 


330 


95 


80 


91 




81 


73 



Feed Stock Composition 
Solid 

Wt. % - - - - 
Solvent 

Wt. % - - - - 
Latent gas 
Wt. % - - - - 
Operating Conditions 
Air Temp. ° F. 
Inlet - - 

Outlet - 
Feed rate cc/minute - 
Calcd. recovery wt. % - 
(1) DNPT is 
Product Properties 
Density gms./cc 

Dry bulk - - 

Liquid displacement - 
Gas displacement 
Size (microns) 
Average "subsieve 

sizer" - 
Range, microscopic - 
Flotation Test 

% Sunk after 24 hours 



1 

Durez 
14798 

10 
Water 

90 



2 

Durez 
14798 
10 
Water 
89 
DNPT" 1 ) 
1.0 



3 . 
Durez 
14798 

10 
Water 

89 

(NH 4 ) 2 CO a 
1.0 



4 

Durez 
14798 
10 
Water 
89 
NH„NO a 
1.0 



700 


700 


700 


700 


400 


400 


400 


400 


95 


105 


111 


111 


90 


100 


91 


87 



dinitrosopentamethylenetetr amine 



0.412 
0.944 
1.10 



14.4 
2—20 



0.073 
0.346 
0.551 



14.6 
2—30 



0.163 
0.449 
0.879 



22.4 
2—30 



0.091 
0.353 
0.497 



17.6 
2—40 



100 2.0 



3.0 



1.0 
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Product properties:. 

Density (g/cc) 
Dry bulk - 
Liquid displacement 
Gas displacement - "- 

Size (microns) 
Average " subsieve sizer " 
Range (microscopic) 

Flotation test - 

% sunk 24 hours - 



in water at 20° C by Hoeppler falling ball method. 



5 


6 . 


7 




• 0.068 


0.16 


- - 0.17 


0.192 


0:39 


- - 0.29 


0.46 


0.51 


- - 17.5 


. 23. 


: 15.5 


- - 5—50 


5—50 


3-t30 


trace 


2 


1 



15 



Examples 8 Xnj> 9 methylenetetxamine and 60% filler. These. 

Aqueous solutions of water-soluble partially solutions were spray dried in standard appara- 20 

polymerized phenol-formaldehyde resins were tus under the -conditions set forth in the table 

prepared containing Zi,% of a commercial below, and the particles thereby produced 

blowing agent containing 40% ^dinitrosopenta- tested, with the following results :— 



2b 



Feed stock: 
Plastic material 



80 



8 

*Durez 
15281 
10.0 
H a O 
89.0 
DNPT 
1.0 active 



35 



40 



45 



50 



Wt per cent. - - - - 
Solvent - - - - 

Wt. per cent - 
Latent gas - 
Wt per cent - 
Decomposition temp, of 
latent gas,- * C. 
Operating conditions : 
Air temp. ° F.-: Inlet - 

Oudet - 

Feed rate, cc/min. 
Calcd. recovery, wt % : - 
Prodiict properties: 
Density (g/cc) 

Dry bulk - 

Liquid displacement 

Gas displacement - 
Size (microns) 

Average " subsieve sizer " 

Range (microscopic) 
Flotation test . . — . _ 

% sunk 24 hours ' - - - 

*Water-soluble partially polymerized phenol-formaldehyde "resinT- 

. **The word " Bakelite " is a registered Trade Mark. 



9 

**Bakelite 
BR 18372 
10.0 
water 
89.0 
DNPT 
1.0 active 



- above 100 


above 100 


.-.I-- 700 


700 


- - 400 


450 


- -----> as ; 


66 


- - 0.048 


- 0.047 


- - 0.280 


0.211 


- - ; 0.681 ' 


0.362 


- - 18.6 


24.6 


- - 2—40 


5—60 


- 3.0 


1.0 



Example 10 
An aqueous 10% solution of sodium silicate 
was prepared containing 2-2 % of 40% dinitroso- 
pentamethylenetetramine and 60% filler and 

56 the solution spray dried. The air temperature 
at the inlet was 700° R and at the outlet 360° 
F., and the solution was fed in at a rate of 
153.8 cc. per- minute. The calculated particle 
recovery was 80.6%. The product had a dry 

60 bulk density of 0.236 grams per cc, a iiquid 
displacement of 0.580 and a gas displacement 
of 0.693 grams per cc. The average particle 
size was 22.2 microns, as determined by a 
e *. Subsieve Sizer,' 5 and the range of particle 

65 size observed in the microscope from 5 to 40 
microns. 



Two per cent of the particles sank when the 
material was subjected to the Flotation Test. 

Examples 11 and 12 

This example illustrates the use of a dis- 70 
solved gas as the gasifying agent.. 

Aqueous 5% polyvinyl alcohol (viscosity 4 
to 6*cp. in 4% aqueous solution at 20° C. by 
Hoeppler falling-ball method) solutions were 
prepared and saturated' with carbon dioxide 75 
and methyl chloride, respectively. The solu- 
tions were then spray dried under conditions 
set forth in the table below, and the particles 
recovered tested with the following results ; — 



Feed Stock* H 

Plastic material PVA FVA 

Wt. percent 5.0_ J" 

Solvent H 2 0 HjJ 

6 Wt per cent 95.0 g.0 

Latent gas ----- - CO a 7. n jJ 

Wt ft cent Safd Safd 

(f>H. 4.5) 

Operating conditions; dAn 

10 Air temp. F. Inlet - - - 445 440 

w Outlet - - 265 260 

Feed rate, cc/min. - - - 99 10Z 

Calcd. recovery, wt. % - - 74 /:> 
Product properties: 

16 ^SL^ 0.15 013 

Liquid displacement - - - 0.57 0.64 

Gas displacement - - - - 0.61 0.61 
Size (microns) 

M Average : « subsieve sizer " - - 6.8 4.8 

Range (microscopic) - - - 5 — ZD lu 

Flotation test * n is 

% sunk 24 hours - 1-0 1,3 

PVA=polyvinyl alcohol 

26 The action of the latent gas in the process pherc, so that collapse of the walls or forma- 
of the invention has not been absolutely esta- tion of holes therein cannot occur. Also, since 
blisbed by experimental evidence. The follow- die gas pressure within the particle during dry- 
ing theory hasbecn proposed as a possible ex- ing exerts a force on the walls while diey are 
dilation in the light of the evidence available, still plastic, the droplet does not shnnk nearly 70 

an but the invention is not to be limited thereby, as much as when the gas is absent In tact, 

When a solution of film-forming material if sufficient gas is present it should be possible 

which does not contain a latent gas is spray to form particles of larger diameter than the 

dried, hollow particles may be formed, but droplet, the particle walls being expanded 

such particles almost invariably contain holes, while still plastic during formaQon of gas 76 

35 It is thought, by way of explanation, that as therewithin. This theory explains why die 

the solven? evaporated from die droplets, sur- material employed must be nlmrforming since 

face shrinkage and surface thickening occurs unless a tough, relatively gas-nnpermeable skin 

in the droplet, and these changes continue until is formed on the surface of the droplet during 

the droplet has decreased considerably in dia- drying, gas is not retained within the particle 80 

if) meter and a thick skin, which has sufficient in sufficient quantity to develop the necessary 

mechanical strength to resist further shrinkage, pressure. 

around the remaining liquid. There- The small, hollow, hole-free particles pro- 

StCT^olvent is lost by diffusion through the duced in accordance with the invention have 

to and a particle is formed having a hollow a wide variety of uses They may, for example, 86 

16 toerio7fiUed with solvent vapor. After the be used per se as a fill type insulaoon material, 

particle Sed upon emerging from the dry- or as filters in place of granulated cork and hke 

W chamber the Solvent vapor within con- materials of cellular structure in manufactur- 

dLt Tand pressure within the particle is ing molded articles, ^^«££t^ OA 

reduced to the vapor pressure of the solvent as aggregate in concrete and plaster. The hoi- 00 

Ml at room temperature. The pressure of the low particles may also be adhered together 

60 amiosphere outside the particle may then using various techniques or binders, to produce 

Income sufficiently great, in relation to the a solid cellular type material of the nature of 

Secure widiui the particle, to wholly or par- plastic foam and expanded plastics, for use 

riauTcolCe the particle or push in" through as thermal electrical and sound insuktmn « 

f,/i 3 spots in the skin, producing holes. material, plaster board, gaskets, seals buoys 

66 weak ^ f fc » P g js fiction equipment, aircraft components, boat 

thaT the droplets of solution as solvent evapor- hulls and decks, shock insulation, ice buckets, 

arcs, shrink with formation of a surface skin, toys, decorative i items furniture, and luggage, 

^before Thereafter, latent gas which is con- Sheets of the adhered hollow particles are very l00 

HO verted into gas within the skin is trapped useful as honeycomb core materials, as for 
within the droplet. Although the solvent posi- example in sandwich structures formed by 
sibly may diffuse out through the skin, this gas bonding the honeycomb core between two re- 
's confined in the space therewithin. This gas, latively dun, dense, high strength faces or 
if u eTm a sufficient pressure, assists the par- skins to form structural, decorative or special i0 5 

06 tide walls in resisting the pressure of the atmos- purpose panels. The face materials may con- 
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sist of plywood, metal, plastic laminates, or 
others. 

Compressible lubricants can be prepared by 
blending the hollow particles of an oil-resis- 
5 tant resin,- such as polyethylene, with oils and " 
greases. This product can be compressed con- 
siderably. -arid placed in shock absorber mount- " 
ings. Under the pressure of the hollow par- ~ 
tides, the grease is then forced "into the de- 
10 sired places. 

A very important field of use for the hollow ~ 



particles of the invention is in insulation. 
Because of their small diameter and compres- 
sibility due to their hollow structure, the hol- 
low particles can readily -be poured into a 16 
location, packed under pressure and sealed, - 
as in fill-type insulation material. 

Layers of a wide variety of hollow particles 
prepared as set forth in the preceding examples, 
were packed in a Fitch apparatus and the 20 
thermal conductivity of the layers were de- 
termined, with the following results: — 



25 



80 



35 



Material 

Polyvinyl . alcohol 
Polyvinyl alcohol 
Phenolfotrmaldehyde 
Phenolformaldehydfe 
Phenolformaldehyde 
Protein 
Polystyrene 
Methyl cellulose 
Sodium silicate 
Sodium duminate - 
Wood flour 



Liquid dis- 
. Bulk placement 
density density 
g/cc. g/cc. 



0.012 
0.068 
0.080 
0.069 
0.070 
0.063 
0.066 
0.055 
0.236 
0.046 



0.057 

-0.192 

0.253 

£.536 

0.346 

0.80 

Q.178 

0.147 

0.552 

0.224 



Particle -size 
average range 



38.6 
23.0 
24.0 

5.6. 
13.6 

2.0 
35.0 
36.5 
25.0 
33.6 



2-^110 

. 5~r50 
10-^70 

2—30 
2—15 
2^-30 
2—50 
5—100 
5—100 
10—100 



RTU/hf./ 
.--ft7°F. 
in. 
0.32 
0.31 
0.31 
0.36 
0.30 
0.32 
0.34 
0.32 
0.45 
0.34 
0.42 
-0.32 
0.40 
0.66 



Granulated cork - 
,40 ■ Ohio perlite- - - - 
Polyvinyl alcohol powder 

*- i -The . results show the hollow. particles in temperature gradient is one degree F per inch 75 

accordance with the invention to be at least thicimess. " * 

as ^efficient .in insulating capacity as granulated The above values represent the thermal 

45 cork and more efficient than any . of the other conductivity of this sample if used as a fill- 

materials te&e<L . type insulation in a refrigerator. The values 

_■ Hollpw particles of phenol-formaldehyde re- show that this sample is a very good thermal ftn 

$in were prepared haying the following pro- insulator at ice temperature as well as hieh-r 

nemes:-^- temDerature.^ - *b 
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perries 
*>5Q- " : - • Sample No. 

* Loose bulk density 
gmi/cc. 

-. • • Ite./ft. 3 

» Liquid displacement 
. : Density g./cc. - 
: Particle size, microns 
- Average - - . 

Range - - _ _ 

. These hollow particles were packed to « 
'(00 density, of 3.9 lbs. per cubic foot and their 
thermal conductivity measured using a stan- 
dard flat hot plate apparatus for use at any 



12 

0.054 
3.3 

0.229 

26.4 
2-^60 



temperatures. 

.Use of heat and/or a solvent, with applica- 
tion of pressure, is a valuable expedient for 
setting the hollow particles in the form of a 86 
shaped mass after they have been packed into 
a somewhat inaccessible location as in fill-type 
insulation. 

If the .hollow particles are formed of a 
thermoplastic material, such as cellulose 9C 
acetate, ethyl cellulose, polyvinyl chloride, 
polyamides, polyethylene and the like, they 
may be adhered together in any desired 
arrangement by slightly softening their surface 
at an elevated temperature, with application Oft 



desired temperature. Thermal conductivity of moderate pressure insufficient to flatten the 
atytwo sets of .temperatures was determined, particles, ~ """" " 

lilt 4-k*> /V f#%ll/\V V r4««M m am.*1a.. . v m 



*@5 -with, -the . following results : — 



F. - 
F. - 



54.0 . 
-2.6 
25.7- 
0.256 
3.9 
0.062 



135.1 
79.9 
107.5 
0.259 



More commonly, however, a binder is 
employed, using one of several techniques. In 
one procedure, the hollow particles are dis- 100 
persed in a solution of a suitable binder, such 
as cutback asphalt,, rubber cement or poly- 
styrene dissolved in an organic solvent or 

7 r pu~ J 5" - r*" 3 °a *T- v sodiu P silicate dissolved in water. The 'sol- 

v Hie thermal conductivity represents the vent is evaporated from the disoersion denenh in* 
■amount of heat in BTU per hour which will ing the bidder npa^i^^S^ 106 
flow through one square foot area when the adhering them together to produce a solid 



Temp, of hot side, 
Temp, of cold side, 
Mean Temp. ° F. - . - 
Thermal conductivity 
[#Q Density, under test, lbs./ft. 
Density under test, g./cc. 



mass. The Mowing example illustrates one 
method of application of this procedure. 

Example 13. 
Hollow particles prepared from a phenol- 

6 formaldehyde resin were mixed with a com- 
mercial rubber cement solution to produce a 
heavy paste. A second material was prepared 
by mixing hollow particles from the same 
batch with another preparation of commercial 

10 grade of rubber cement which had been cur 
back by addition of 50% benzene. Each of 
the pastes was spread in a mold and allowed 
to dry in air for one day at room temperature. 
The product was cured in an oven at 85° C. 

16 for two days. 

The two products were similar in appear- 
ance. The surface of each was soft and the 
material was more resilient than natural cork. 
The first sample had a density of 0.14 or about 

20 8.7 lbs. per cubic foot, while the sample pre- 
pared from the 50% cutback rubber cement 

! ' had a density of 0.11 or 6.8 lbs. per cubic 
foot 

A second material was prepared by mixing 
26 the phenol-formaldehyde hollow particles with 
a 40° Be aqueous sodium silicate solution and 
evaporating the water at an elevated tempera- 
ture. The solid product obtained was very 
hard and strong, similar to concrete in appear- 
80 ance. Its density was 0.35 or 23 lbs. per cubic 
foot Products having a lower density can be 
prepared by cutting back sodium silicate solu- 
tion with water. 
Also, if desired, the hollow particles may 
96 be dispersed in an emulsion of a suitable 
. binder, such as aqueous rubber latex or poly- 
vinyl acetate emulsion. This procedure can 
be illustrated as follows: — 

Example 14. 

40 A 60 % neutral aqueous rubber latex emul- 
sion was cut back to 30% with water and 
mixed with phenol-formaldehyde hollow par- 
ticles prepared as set forth in Example 3 to 
produce a thick fluid mass. This was poured 

46 into a mold connected with a vacuum and the 
excess binder drawn off. The product was 
allowed to dry overnight in air at room tem- 
perature and then was placed in an oven and 
cured at 85° C. for two hours. 

60 The finished product was quite resilient, 
strong and light in weight. The outer sur- 
face was tough and smooth. The material 

. had the resiliency- of a medium hard rubber. 
Its density was 0.15 or about 9.4 lbs. per cubic 

66 foot, approximating low density natural cork. 
In the case of certain binders, such as 
asphalt, which have a relatively low melting 
point, it is possible to disperse the hollow par- 

' ; tides direcdy in the molten binder. 



60 Example 15. 

Hollow particles of phenol-formaldehyde 
resin were mixed widi resin powder (a thermo- 



plastic resinous material derived^ from rosin) 
having a softening point of 106° C. (R. and 
B,) on a 50—50 volume basis. The mix was 6o 
packed in a mold and placed in an oven, where 
it was held at 120° C. for four hours. The 
structure had the strength and texture of sand- 
stone. The density of the product was 0.40 
or about 25 lbs. per cubic foot. 70 

A strong rigid structure can be prepared by 
mixing the hollow particles with a solution of 
a thermosetting resin in a solvent-soluble 
thermoplastic state, evaporating the solvent 
and then heating die mixture to convert the 75 
resin to a fully-hardened solvent-insoluble 
non-thermoplastic state. 

Example 16. 
A 50% solution of a water-soluble partially - 
polymerized phenol-formaldehyde resin was 80 
diluted to a 10% solution with water. Hollow 
particles of the same resin were blended into 
the solution to produce a fluid paste. This 
was poured into a mold fitted with a vacuum . • 
attachment and the excess solvent drawn off 86 
by application of vacuum. The product was 
placed in an oven and held at 85° C. for two 
hours to remove the water and then baked at 
120° C. for four hours to complete poly- 
merization of "the resin binder. " .90 

The product was quite strong and rigid. If 
had a density of about 0.15 or 9.4 lbs. per 
cubic foot. 

Sheets or shaped objects of the hollow par- . 
tides may be bound together by binders pie- 1)5 
pared in situ by chemical reaction. Portland 
cement and gypsum plaster are examples of 
the chemical reaction .type of binder. • 

Examples 17 and 18. 
■~ Mixes of one part Pordand cement and iqq 
from 3 to 9 parts of the hollow particles with 
the addition of a small proportion of sand in 
a few cases, were prepared in the form of 
cylinders 4.4 cm. in diameter and 8.8 cm. in 
height. The hollow particles used were of 105 
phenol-formaldehyde resin and of polyvinyl 
alcohol resin. The hollow particles had the 
following properties : — 
Sample No. 17 18 

Phenol-formaldehyde Polyvinyl 110 
Material Resin Alcohol 

Density g./cc. 
Bulk - - - - 0.054 0,044 
Liquid displacement - 0.239 0.25 
Particle size, microns ■ 115 

Average - - - 26.4 14.4 
Range - - - - 2-60 ^ 5-70 
The mixes were poured in plastic molds ; 
where they were allowed to remain for 7 days 
to retain maximum moisture and then allowed 120 
to cure in air for 21 days. This 28-day curing 
time is standard procedure for preparing con- 
crete to be used in compressive strength tests. 
After removal from the molds the ends of the 
samples were levelled and sanded. . During 126 



Sl^lr^ff^S ^"Sf*" 11 ^ ^r* formed on a- hand operated hydraulic -press 

placed at each end of the .cylinders to assure a with a 2000 lb. pressure gauge 
maximum surface contact. The test was per- The following results were obtained : - 



10 



Hollow 
Particles 
Phenol-formaldehyde 
resin 



16 



20 



Polyvinyl alcohol 
Phenol-formaldehyde 

resin and sand 
Perlite ' V 

Vermiculite 



- 

Ratio 


g-/ 


lbs./ 


cc. 


ft.* 


1:3 


0.66 


41.2 


-1:4 


0.58 


36.0 


"1:4.5 


0.56 


35.0 


1:5 


0.53 


33.0 


1:5 


0.52 


32.4 


1:6 


0.49 


30.6 


1:9 


0.39 


24.3 


,1:6 


0.65 


41.5 


1:3:3 ' 


1.23 


77.0 


1:3 


0.70 


44.0 


1:6 


0.42 


26.0 


1:3 


0.80 


49.8 


1:5 


0.53 


32.9 



These results show that the hollow particles 
26 in accordance with the invention are superior 
to other lightweight aggregate in concrete 
when, used in the same proportions. - - . 

The concrete structures obtained could be 
sawed or nailed without cracking, and had -a 
30 very, fine-grained _ structure comparable in 
character to air-entrained concrete. 

Concrete containing 3 to 6% air is used in 
many parts of the country to reduce the spal- 
ling of concrete roads due to freezing and 
36 thawing. The hollow particles of the inven- 
tion do not coalesce as does entrained air and 
cap be added in the proper concentration and 
mixed for any length of time -during trans- 
portation to a location. 



Compressive 
Strength - 
psi 
500 
• 445 
420 

370 " . 
370 
262 
183 
430 - 

400 
400 
183 
400 
221 



Ratio 
Strength/ 
Density 

12.2 

12.2 

12.0 

11,2 

11.4 
8.5 
• 7.5 
. 1Q.4 

5.2 
9.1 
7.0 
8.0 
6.7 



40 



60 



Phenol-formaldehyde 
hollow particles 



66 



Polyvinyl alcohol 
hollow particles 
Perlite 



The results show that the hollow particles 
70 of the invention in lightweight.. plaster, have 
compressive strength values better than Perlite 
when used in equivalent proportions. 

The material was found to be crack and 
chip resistant, so that it could be sawed or 
76 nailed without cracking. Plaster walls made 
from these hollow particles have excellent insu- 
lating and acoustical properties. 

Examples 20 and 21. 
Samples of rigid type insulation material 
80 were prepared by dispersing the hollow par- 
ticles of phenol-formaldehyde resin rubber 



Example 19. 
■ Lightweight plaster material -was prepared 
by mixing one part fibrous gypsum plaster with 
rrom 2 to 4 parts of phenol-formaldehyde 
resin hollow, particles. These mixes were 
molded in the form of cylinders 4.4 cm. in 45 
diameter and 8.8 cm. in height, being allowed 
to remain in the molds for 7 days and then 
allowed to air cure for 21 days. After removal 
from the molds, the ends of the samples were 
levelled - and sanded and their compressive 50 
strength determined in -a hand operated 
hydraulic press with a thin sheet of medium 
hard rubber at each end of the cylinder to 
assure maximum surface contact. The follow- 
ing results were obtained: — 55 

Compression . 
Strength psi 

.212 
208 
135 
. 141 
106 . 

112 

192 
159 
' 164- 

cemerit and" phenol-formaldehyde resin solu- 
tions. The hollow particles used were pre- 
pared as set forth in Example 3 and had the 





Density 


Ratio 


g/cc. 


lbs./ft 3 


1:2 


0.585 


. 36;5 


1:2 


0.580 


36;2 


1:3 


0.473 


29.5 


1:3 


0.470. 


29.0. 


1:4 


0.370 


23.1 


1:4 


0.362 


22.6 


1:3 


0.56 


35 


1:3 


0.40. 


25- 


1:3 


0.427 


26.6- - 



86 



following properties: — 

Sample No. 20 21 
Loose bulk density 

E?^ " " " °- 054 °-°80 

lbs./ft. 3 - - - 3.3 5.0 
Liquid displacement 

Density g./cc. - 0.22O .253 
Particle size, microns 

Average - . 26.4 24.0 

Range - - - 20-60 10—70 
ine solvents were removed by evaporation 96 



90 



743,866 



In the case of the phenol-fonnaldehyde resin merization of the P h ^ f ^ dd ^ e A ^; 

sduttam the solvent was removed by vacuum The density and tend. ^uvity of the 

filters after which the sample was baked in an samples were then determined, with the follow- 

oven at 185° F. for one hour and then at ing results: — 
5 220° F. for three hours to complete poly- 

lft Average K* 

AU Density BTU/hr./ 

Sample No. Binder 7 _° £M 

20 rubber cement 10.0 0.43 

21 phenol-formaldehyde 14.0 0.29 
15 21 phenol-formaldehyde 8.1 0.32 

Cork composition - I 5 - 0 °- 34 

^Determined by Fitch's apparatus. 

The samples have a very low thermal con- 5. A process in accordance with claim 3 in 

ductivity, comparable to granulated cork and which the substance is ammonium nitrite ox 

20 hollow particles alone. " mixture forming the same. 

The hollow particles may also be employed 6. A process in accordance with claim 3 in 

as a filler in hard-surface floor materials, such which the substance is ammonium carbonate. 7U 

as linoleum, asphalt tile, rubber tile and cork 7. A process in accordance with claim 3 in 

tile A satisfactory linoleum composition may which the substance is ammomum bicarbonate. 

26 be prepared by blending the hollow particles 8. A process m accordance with claim 1 in 

in a mixture of oxidized linseed oil and wood which the film-forming material is polyvinyl 

flour, replacing the powdered cork filler ordi- alcohol "".*:■,. 

narily used. Asphalt tile is prepared from 9. A process in accordance with claim 1 in 

asbestos fiber and mineral pigment with an which the film-forming material is a phenol- 

30 asphalt binder. This tile has excellent wear formaldehyde resin, 

properties, but is not as resilient as other types 10. Small, discrete, hollow particles, of film- 

of floor covering; the inclusion of hollow par- forming plastic substantially free of holes and 80 

tides in asphalt floor tile tends to increase its having a gas sealed m the hollow space 

resiliency therein. 

8fi In the specification all parts and percentages 11. A shaped mass comprising hollow par- 

are by weight, unless otherwise indicated. tides in accordance with daim 10 whose sur- 

What I daim is:— faces are bound together. .85 

1. A process of forming hollow particles 12. A shaped mass comprising hollow par- 
from film-forming material, which includes tides in accordance with daim 10 whose sur- 

40 subdividing into individual droplets a solution faces are bound together by adhesion directly 

comprising a volatile solvent having dissolved to one another. * " . . 

therein film-forming material and a latent gas 13. A shaped mass in accordance with claim UU 

material, and subjecting the droplets to a dry- 11 in which the parades are bound together 

ing temperature at which the solvent is vola- by a cementitious material. 

46 tilized at a rate to form a tough, relatively gas- 14. A mass in accordance with daim 13 in 

impervious surface skin coinddent with par- which the cementitious material is rigid, 

tide formation, and the latent gas material is 15. A shaped mass in accordance with claim 95 

converted into a gas, whereby gas liberated 13 m which the cementitious material is non- 

within said forming partide is trapped by the rigid. . . 

50 surface skin withb the space thereof and . 16. A shaped mass comprising hoflow par- 
through its presence tends to prevent collapse ticks in accordance with claim 10 dispersed 
of the partide walls under the pressure of the as a discontinuous phase in a binder as a con- 1UU 
atmosphere during volatilization of the solvent tinuous phase. > 

in order to form particles having a continuous 17. A shaped mass in accordance with claim 

56 hole-free skin surface. 16 in which the binder is concrete. 

2. A process in accordance with claim 1 in 18. A shaped mass m accordance with claim 
which the latent gas material is a dissolved 16 in which the binder is gypsum plaster 105 

5 19. A shaped mass in accordance with daim 

3. A process in accordance with claim 1 in 16 in which" the binder is a synthetic resin. 
60 which the latent gas material is a substance ELKINGTON & FIFE, 

which is decomposed at drying temperatures Consulting Chemists and 

with formation of a gas. , . S"*?* 1 *™ J% wAlhnm 

4. A process in accordance with claim 3 in Bank Chambers, 329, High Holborn, 
which the substance is dinitrosopentamethy- London, W.C.I, 

65 lene tetramine. Agents fo r the Applicant. 
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